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The Preliminary Study of Long-Range Water Supply Problems
of Selected Urban Metropolitan Areas was conducted by
Anderson-Nichols and Company, Inc., Boston, Massachusetts,
under contract to the North Atlantic Division, U.S. Army
Corps of Engineers as part of the Northeastern United States
Water Supply Study. The Study Report is presented in two
parts - Volume I, Main Report, and Volume II, Area Reports,

The Main Report summarizes and outlines the methodologies
used, and presents the general findings for 26 urban metro-
politan areas, The Area Reports includes a chapter for each
urban metropolitan area containing detailed population, water
supply data, projections to the year 2020, supply deficits, and
regional opportunities for solutions to problems.

The Anderson-Nichols effort was conducted under the general
direction of Jerome Degen, Senior Vice President, and Warren
A. Guinan was Project Coordinator. Project Engineers in-
cluded Richard C., Boynton, Anthony S. Donigian, Jr., Joseph
G. Hugo, Stephen D, Parker, and Frederick H. Sharrocks, Jr.;
and Charles W, Amos, Edward A, Rainen, Ron Etzion, and
Stanley J, Portman were Engineering Assistants,



PREFACE

In the densely populated northeastern United States, where
four of every five people live in urbanized areas, water is carried
to its users by numerous complex systems, involving dams,
reservoirs, aqueducts, pumping plants, water treatment plants,
and intricate pipeline networks., Despite these seemingly adequate
systems, the five-year drought of the 1960's created an emergency
situation: extra pipelines were pressed into service, some areas
were actually supplied with drinking water by tank trucks, and
about 14 million people, or 28 percent of the Northeast's population,
were subjected to restrictions on water use,

While that drought is now history, it demonstrated clearly
that many water supply systems in the Northeast were barely
adequate to meet demands, ever under severe restrictions and
emergency operations,

Since the drought, some communities have made substantial
progress in expanding their water supply capabilities. However,
many others have not been able to expand because of policitical,
economic, or environmental reasons. A recurrence of a drought
similar to that of the 1960's in these areas would have much more
severe implications, because increases in population and techno-
logical advances bring about greater demands for water, It is
projected that the population of the Northeast will increase by
70 percent, from 50 million to 85 million people, by the year 2020,
with corresponding increases in industrial and commercial activity,
Water presently required per person, excluding that used to manu-
facture goods and provide necessary services, is approximately
128 gallons per day. Projections for 2020 increase the total to
153 gallons.

It is clear that the people of the vital northeastern United
States need more water - not primarily to provide for the present -
but to keep abreast of ever-growing future demands. Planning
must transcend the historical concept that water supply is a
local problem confronting only local resources and talents.

Presently available water supply facilities will not support
projected demands. Water supply planners must consider integrating
their plans for development, they must also combine and relate water



supply development to other urban needs, such as transportation,
communications and power. Though these categories by no means
cover everything necessary for urban living, it is easy to see

that a shortage of any of them would severely curtail or stop
normal development. Competition for water exists among the
varied interests created by modern society. Changes in the
industrial economy have provided individuals with increased
income and leisure time, but such an economy concomitantly
expects a need for more water.

Planners at every level are recognizing the need to
provide efficient utilization of water resources, In 1965, the
89th Congress recognized the growing importance of coordinated
regional planning to meet the future water supply needs of the
Northeast, and authorized the formation of the Northeastern
United States Water Supply (NEWS) Study, under Title I of Public
Law 89-298, The NEWS Study is being conducted by the North
Atlantic Division of the U,S, Army Corps of Engineers in
cooperation with other concerned Federal, State, regional and
local government agencies and with the water supply industry,
The study will analyze current and long-range needs, with
emphasis on urgent problems, and produce coordinated general
plans for water supply development and management,

The objectives of the NEWS Study are-

1. To establish guidelines for Federal partici-
pation in water supply development,

2. To develop coordinated, regional plans for
the efficient construction. operation and main-
tenance of water supply developments in the
Northeast.

3. To recommend "action' programs for Federal,
State, regional and local agencies, and for
public organizations,

4. To select programs and geographic areas
which may require continued planning at the
Federal level.

The Preliminary Study of Long-Range Water Supply Problems
of Selected Urban Metropolitan Areas is a major element of the
NEWS Study. It analyzes the long-range municipal, industrial and

'y
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domestic water supply requirements of 26 selected urban metro-:
politan areas throughout the Northeast., The 26 areas may
experience major regional problems in assuring water supplies
during the study period, the present through the year 2020.

Two general planning assumptions evolved to guide the
development of this report and to assure that its findings are
valid, They are:

e that water provided for domestic and
industrial supply will have a very high
(if not the highest) priority among all
uses of water throughout the planning
period; and

e that use of water for this purpose need

have no permanently adverse effect on
the environment,
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CHAPTER 1. INTRODUCTION

The Preliminary Study of Long-Range Water Supply
problems of Selected Urban Metropolitan Areas (UMA Study)
is an evaluation of the water supply situations of 26 urban
metropolitan areas located throughout the Northeastern
United States Water Supply Study Area.

The 26 UMA's weré selected on the basis of population
and derived from 28 Standard Metropolitan Statistical Areas
defined by the U.S. Office of Budget and Management and four
urban areas which are projected to qualify as SMSA's by the
year 2020. Figure 1 shows the locations of the 26 UMA's,

The three general objectives of the UMA Study are

e To determine and identify those metropolitan areas
within the NEWS Study area which may evidence
major regional problems in meeting municipal,
domestic, and industrial water supply requirements
through the year 2020, excluding the urgent areas
considered in other NEWS studies;

e To estimate the magnitude, nature and time phasing
of the expected problems; and
LY
& To develop guidelines and opportunities for regional
supplies, or other alternative sclutions,

The UMA Study effort was directed toward the delineation
and description of the UMA's, projections of population and
water requirements through 2020; and the assessment of the
current water supply capahilities and planning in each UMA.,

This study has relied on available data already developed
in previous reports and investigations performed by local,
regional, state or federal agencies, with new data being generated
only where data were unavailable. Its scope is insufficient to
define projects, and it serves only as a tool to assist in the
decision process relative to urgency and magnitude of water
supply development. The Corps of Engineers does not advocate
at this time, in whole or in part, any alternative solution set
forth in this study, because it is subject to review and appropriate
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revision. Neither does the study presume that the alternatives
listed for each UMA are complete; at best they are representative.

In recent years, regional, State and local agencies through-
out the Northeast have attempted to project their water supply
requirements over a similar 50-year period. When compared
with this study’s population and water demand forecasts, some
differences may be apparent. The variances can be attributed
to the different methodologies and base year used for the purpose
of the projections and some dissimilarities in the sizes of the -
areas under consideration,

Recognizing these possible incompatibilities between
existing reports and this study, the existing plans and studies for
each area were reviewed and evaluated with respect to meeting
the needs of the area through the year 2020. Each area was
scrutinized for factors favoring economic efficiencies, either
through nonstructural measures such as collective planning,
design, and management of water supply, or structural projects
including physical interconnection of proximal systems, or
combinations of these,

When and where water deficits are likely to occur,
alternative courses of water supply development have been
proposed. This study recognizes possible difficulties in im-
plementing some of the alternative courses hecause of existing
constraints, and as such may not have been included in the plans
of local agencies, However, the proposed alternatives in this
study are in the best interest of solving future water supply
inadequacies regardless of such constraints which in many
cases were created by man and could be dissolved.

The UMA Study Report presents regionalization
opportunities and other alternatives for the solution of the
water supply problems, It is presented in two parts --
Volume I, Main Report, and Volume II, Area Reports.
Volume I includes a full description of the UMA, study and
the methodologies used during its conduct, an explanation
of the derivation of each of the UMA's and their population,
water demands and water deficits situation, a narrative on
the concept of regionalized water supplies and the study's
general findings and conclusions. Volume II includes detailed
descriptions of each of the UMA's analyses of their water
supply problems, and detailed preliminary alternative solu-
tions to these problems.



No attempt has been made to advocate regionalization
as the only solution to water supply problems in a UMA. A
regional approach, however, seems preferable to piecemeal
developments that result in a proliferaiion of vtilities, often
wasting resources without actually solving the problem.

In the total Northeastern United States Water Supply
Study Program, the UMA Study is categorized as a preliminary
level study., The two other levels are engineering feasibility,
and survey scope or authorization study. Based on a thorough
evaluation of all the data and analyses included in the two
volumes of this preliminary report, the NEWS Study planners
will determine the need for feasibility-level study of any of
the urban metropolitan areas,



CHAPTER 2. BANGOR

The Bangor UMA is situated approximately 130 miles
northeast of Portland, Maine, in the southern portion of Penobscot
County,; Located on the Penobscot River, approximately 25 miles
upstream from Penobscot Bay and nearly 50 miles inland from
the Atlantic Ocean, the UMA consists of the core city of Bangor,
the city of Brewer, and all or portions of the towns of Old Town,
Orono, Veazie, Hampden, and Orrington. The UMA expected
to evolve by the year 2020, with its total land area of nearly 130
square miles, is illustrated on Figure 2 .

Since the UMA is a part of the Penobscot River Valley,
its topography is relatively flat, though sporadic hills, reaching
altitudes 200 to 300 feet above sea level, dot the landscape of
northwestern Bangor and northeastern Orono, The central topo-
graphic feature in the UMA is the Penobscot River, which flows
from the northeastern border to the south-central portion, passing
through highly developed sections of Bangor and Brewer, The
drainage area of the Penobscot River at Bangor is approximately
7,000 square miles. Within the UMA, major tributaries to the
Penobscot River include the Stillwater River and the Kenduskeag
Stream. Pushaw Lake is another significant water body located
within the UMA boundaries.

Climate in the Bangor area is classified as continental,
with day-to~day weather changes characteristic of New England.
From June through August, the summer mean temperatire
average is 65.59F, Winter temperatures, based upon the months
of December, January, and February, average 20, 7°F, The
record extremes are 96°F and -30°F. Precipitation generally
averages 43 inches annually, of which 20 inches are recorded as
runoff. The average snowfall is about 97 inches,

Interstate Route 95 connects the Bangor UMA with the
heavily populated northeastern seaboard to the south. Highway
distances, driving south, are about 135 miles to Portland, Maine,
and about 240 miles to Boston, Massachusetts. Rail freight
service is provided by the Maine Central Railroad and passenger
services are available at Bangor International Airport,
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Bangor is the principal trading and commercial center
of northeastern Maine. Originally a port city, it was the center
of America's lumber industry in the 1870's, and is now a manu-
facturing center. During the 1960's, the city of Bangor suffered
a major economic set-back with the phasing out of Dow Air Force
Base (Dow AFB).

Compared to other population centers of the North
Atlantic Region, the Bangor area has a higher employment concen-
tration in the areas of forestry and fishing. The most significant
manufacturing industries are paper and allied products, followed
closely by lumber and wood products. Food and textile products
are also important, although the fastest growing manufacturing
industries have been chemicals, non-electrical machinery,
printing, shoes and apparel,

As a whole, the area is not expected to experience ex-
tremely rapid growth, either in per capita income or employment.
Employment is, however, expected to increase in all water-using
industries except primary metals, Paper, food, and textiles are
projected to gain prominence in relation to the average im-
portance of these industries throughout the entire North Atlantic
Region.

POPULATION

During the 1960's, the total population of the UMA de-
creased by approximately 4 percent. The city of Bangor,
however, declined 15 percent, because of the loss of mili-
tary and related personnel at the closing of Dow AFB,

Population projections indicate that the UMA will grow
at a somewhat slower rate than it has in the past, notwithstanding
the effect of Dow Air Force Base, The 2020 population is ex-
pected to be more than 46 percent greater than that of 1970,

Approximately 90 percent of the population of the towns of
Hampden and Orrington which had inhabited the portions of the
town included in the UMA, are expected to continue to do so in
the future,

Data for populations and resultant densities for the
entire UMA in the various benchmark years are given in Table 1,



TABLE 1}
POPULATION DATA

BANGOR UMA

1960 1970 1980 2000 2020
Population :
(in Thousands) 72.6 69.7 74.6 87.3 102, 0
Population per
square mile 560 535 575 670 785

WATER USAGE

Water use projections were determined for the benchmark
years 1980, 2000, and 2020, Available data for the mid 1960's
indicate that the five existing utilities - Bangor Water District,
Old Town Water District, Penobscot County Water Company,
Brewer Water District, Hampden Water District-served an
average of 7.2 mgd to approximately 66, 000 persons, or
94 percent of the UMA's population. About 7 percent of
the water output by these utilities was supplied to industrial
nsers,

Total industrial usage for water in the mid 1960's UMA
was estimated to be 19, 2 mgd, and this demand is expected
nearly to double by the year 2020. Because of the availability
of suitable and sufficient water to serve the need of private in-
dustry in the area, the percentage of industrial water supply to
total supply should remain essentially constant; i.e., most addji-
tional industrial water demands are expected to be satisfied from
private sources.

M & I water usage data appear on Table 2. Figure 3
shows projected trends for both population and M & I water use.



TABLE 2

WATER USAGE

BANGOR UMA

Mid
1960's 1980 2000
Water Demands (mgd)
Domestic 6.7 8.6 11.6
Publicly-supplied industrial 0.5 0.6 0.8
TOTAL M & I 7.2 9.2 12. 4
Publicly~supplied industrial 0.5 0.6 0.8
Self-supplied industrial 18,7 22,1 27.9
TOTAIL INDUSTRIAL 19,2 22,7 28.7
Water Use (gcd)
{(Based on M & I) 108, 1 123.3 142,90
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KNOWN WATER SUPPLIES
Summary

The Bangor Water District was created by the Maine State
Legislature, and approved by the voters in the spring of 1957,
It has the function of "supplying service to Bangor and other cities,
towns, corporations or districts and the inhabitants thereof, who
wish to purchase water from the District, The Act creating
Bangor Water District specifically authorized the acquisition and
utilization of Floods Pond, Burnt Pond, Little Burnt Pond,
Spectacle Pond, Beech Hill Pond, Mountainy Pond, and Snowshoe
Pond, in any combination needed to provide an adequate water
supply. Floods Pond, Burnt Pond and Little Burnt Pond are
being used at present.

Floods Pond, Burni Pond, and Little Burnt Pond, situated
approximately 15 miles east of Banpor, collectively share 8, 34
square miles of drainage area and have a 7.0 mgd safe yield.
Water from these three sources combines naturally in Floods
Pond., Water quality is uniformly excellent - clear, soft, and
cold - requiring minimal treatment (chlorination, fluoridation,
and control of its alkalinity). A transmission line, exteunding
from Floods Pond to Bangor, measures about 14,5 miles.
Appurtenances now in place will permit service to Brewer, the
Veazie-Orono system, and Old Town at some future date.

The average 1965 output of the Bangor Water District
was 4. 20 mgd, or about 60 percent of maximum system capacity.
In 1970, average daily output dropped about 4 percent, thus re-
flecting the phase-out of Dow AFB,

The Brewer Water District serves Brewer exclusively,
obtaining a safe yield of about 2. 0 mgd from Hatcase Pond. The
1965 output of the system was about 0.71 mgd; this increased
to about 0. 83 mgd in 1970. Representatives of the Brewer Water
District believe that their system will be adequate for 8 to 10
years, When additional water is required, they anticipate con-
necting to the Bangor System.

The Penobscot County Water Company, a privately owned
system, supplies water to Orono and Veazie. Chemo Pond was
the original supply source, but because of seasonal changes in
color it was discontinued as the primary source in 1961, The
system now obtains about ninety-five percent of its supply from
two gravel-packed wells, and emergency waler from Chemo
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Pond. In 1965 the system output was approximately 1. 32 megd,
although the total capacity of the system is 4.32 mgd - 1,44 mgd
from the wells and 2. 88 mgd from Chemo Pond. In recent

years, the system has been experiencing problems with the quality
of its treated ground water supply, and the Penobscot County
Water Company is currently negotiating with Bangor to obtain
water from that system,

The Old Town Water District utilizes three wells, with
an estimated combined safe yield of 2, 0 mgd. The District
supplies about 35 percent of its output to other communities
which were not included in the UMA because of their very small
size and remote locations, The total water use in 1965 in Old
Town itself was only about 0.5 mgd.

The Hampden Water District obtains its relatively small
supply from ground water, However, present levels of iron and
manganese in the ground water of the UMA may increase to concen-
trations that would require treatment or abandonment of this source.

Brewer is now the only community other than Bangor

to have a surface-water source as its supply. Brewer, however,
has indicated that it plans no further development and expects to
purchase water from Bangor when necessary. Thus, the Legis-
lative mandate {o the Bangor Water District makes it necessary
for the District to stay ahead of the demand in the UMA. Table 3
lists pertinent data for the existing water supply systems. The
situation is represented graphically on Figure 4.

TABLE 3
KNOWN WATER SUPPLIES

BANGOR UMA

Mid Mid _
1960%s 1960's Major Treat, Trans, Syatem
Pop Water Source Safe Yield Capacity Capacity Capacity
System Served Use (mgd) Type Name {mgd) {rgd) mgd) {med)
Bangor Water 36, 040 4,31 Surface Floods 70 N/A 18.0 70
District Pond
Brewer Water 9, 154 0,71 Surface Hatcase 20 N/A 2.0 2.0
District Pond
Penobscot County 10, 408 1 32  Ground Water Wells 1 44 N/A N/A 4,3
Water Company Surface Chemo Pond 2,88 N/A N/A
Old Town Water 1,162 0.62 Ground Water Wella 1 35 N/A N/A 1,35
District
Hampden Water 3,830 0 26 Ground Water Wells MN/A N/A N/A N/A
District
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Future Adequacy

Table 4 coinpares the capability of existing systems
with the projected waler demands for the various benchmark
years. The capability in the mid 1960's include only the aggre-
gate capacity of the Bangor, Brewer, and Old Town systems,
plus the ground water capability of the Penobscot County system.
It is these facilities that would serve as a basis for a regional
system. The comparision in the table reveals that at least 5,1
mgd should be developed shortly before the year 2000, However,
a ground water qualily deterioration, common throughout the
area, may diclate the development of as much as 8. 0 mgd.

TABLE 4

ADEQUACY OF PRESENT WATER SUPPLY SYSTEMS
BANGOR UMA

Mid

1960's 1980 2000 2020
M & I Deinand 7.2 9,2 12, 4 16,9
Present
Capacity 11, 8 11,8 11.8 11.8
Deficit -- -- 0.6 5.1

\

DESIRABILITY FOR REGIONALIZATION

The Act creating the Bangor Water District should ul-
timately result in a regional water supply system serving the
entire UMA, The existing water systems will continue to operate
as long as practicable, bul if a system should prove inadequate
or undependable, the future supply for that community will be
assured because of evolving regionalization,

The Bangor Water District, regional in concept, planning,
and action, already supplies water to portions of Hampden and
FEddington. Additionally, Brewer, Orono and Veazie will probably
obtain their water from the Bangor Water District within the time
frame of this study. Construction is already underway to connect
Orono-Veazie to the District, '
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Because of the apparent deterioration of ground-water
quality in the area, those communities now relying on wells for
supply may, within the time frame of this study, be forced to
seek other sources. Joining the Bangor Water District, in all
probability, should ultimately prove to be more economical than
developing new sources. Yet it may also prove economical to
have the present systems continue to operate as long as possible,

DEVELOPMENT ALTERNATIVES

In order to insure the availability of enough high guality
water, it has been assumed that all future demands above the
existing system capability will be met exclusively by the Bangor
Water District. In fact, other local utilities may be able to
develop additional wells to meet their individual requirements,
even though the cited deficits are based on the entire UMA, and
localized shortages can occur.

In 1967, a report prepared by consultants for the City of
Bangor indicated that the safe yield of Floods Pond can be in-
creased by 7 mgd by pumping water from Spectacle Pond and from
Beech Hill Pond. Those now associated with the Bangor Water
District believe that this amount may be slightly high; an expected
increase of 5 mgd can be considered as reasonable. The discrepancy
is probably the result of the recreational nature of these ponds, and
the difficulty in determining the effects of the drawdown resulting
from the pumping. Thus the safe yield of Floods Pond with such
augmentation is between 13 and 15 mgd.

If this project should not meet the quantity requirements,
other lakes with high quality water could be